Despite the seriously undernourished state of patients with anorexia nervosa (AN) and bulimia nervosa (BN), controversial findings have been published regarding some aspects of the immune system that are otherwise impaired in more typical types of malnutrition, such as protein-energy malnutrition. In general, adaptation processes seem to occur enabling immune function to be preserved during long periods of the illness. However, cell-mediated immunity is usually altered in AN and BN as reflected by lymphocyte subset counts and the response to delayed hypersensitivity tests. Regarding the helper=cytotoxic T cell ratio (CD4:CD8), an immunological marker of the nutritional status, the results of our studies on AN and BN patients showed that the duration of the eating disorder and the time when appropriate treatment is achieved are likely contributors to the alteration of this ratio. Despite these findings, it has been repeatedly pointed out that anorexic patients seem to be free of common viral infections at least until the most advanced stages of debilitation. Some hypotheses that could explain the lack of infection symptoms are reviewed. Cytokines and the altered acute phase response to infection, as well as cortisol and leptin, are considered to be potential factors involved in the adaptation processes occurring in these syndromes. Further progress in the knowledge of the psychoneuroendocrine -immune interactions established in AN and BN will be relevant to the understanding of the aetiology and maintenance mechanisms of these pathologies.
Features of eating disorders
Anorexia nervosa Anorexia (AN) usually starts in the mid-teens and affects one 15-y-old girl in every 150. Unfortunately, a very early start, in childhood, is becoming more frequent, and occasionally it may start later, in the 30s or 40s. Nearly always, anorexia begins with the everyday dieting that is so much a part of teenage life. Although technically the word anorexia means 'loss of appetite', sufferers from AN actually have a normal appetite, but drastically control their eating. The pathophysiological characteristics of AN patients, and those that are currently used in their diagnosis are briefly the following: (1) a disturbed perception of body size and body image; (2) selfstarvation with significant weight loss; (3) amenorrhoea; (4) physical hyperactivity and sleep disturbances; (5) bizarre behaviour and attitude about food, sometimes accompanied by self-induced vomiting and binge eating. These compensatory mechanisms are present in the binge=purging subtype of AN, as compared with the restricting subtype (APA, 1994) .
Bulimia nervosa
In bulimia nervosa (BN) the distinguishing feature is binge eating, which is the rapid consumption of a large quantity of food in a short period of time, usually less than 2 h. Binge eating is commonly followed by purging. In the purging type of BN, vomiting and the abuse of laxatives and diuretics are the compensatory mechanisms to avoid putting on weight after bingeing. In the non-purging type of BN these mechanisms include periods of diet restriction and physical exercise. Taken together, the binge eating and compensatory behaviour occur at least twice a week for 3 months (APA, 1994) .
It is very well known that the most common feature in AN and BN is an obsessive desire to lose weight together with an exaggerated fear of becoming fat, leading to a particular type of malnutrition in both syndromes. Long-term follow-up studies indicate that AN is associated with serious morbidity and mortality, although the prognosis for severe and refractory BN is generally less favourable than for restrictive AN (Marcos, 1997) .
The immune system in eating disorders: conflicting results
It is well established that malnutrition and infection have mutually aggravating effects. Nutritional deprivation, such as protein-energy malnutrition, often causes immunodeficiency, leading to increased frequency and severity of infection, thymus atrophy and wasting of peripheral lymphoid tissue (Chandra & Kumari, 1994) . This outcome is reflected in the significant impairment of several aspects of immunity, including cell-mediated immune responses, production of secretory immunoglobuline A, phagocyte function, complement system and cytokine production. However, regarding eating disorders, the studies on the impact of this particular kind of malnutrition over the immune system have produced controversial findings. Thus, even though some of the immune impairments of AN are similar to those observed in simple malnutrition, they are less frequent and less severe, and the immune function seems to be better preserved than would be expected, considering the highly defective nutritional status of the patients (Silber & Chan, 1996) .
Another aspect of great interest is the fact that anorexic patients are surprisingly free of infectious complications despite their seriously undernourished state, at least until the late stages of debilitation. During long periods of their illness, underweight AN patients seem to be protected against common viral infections (Mustafa et al, 1997) .
Why are patients with eating disorders less prone to infection than subjects under typical malnutrition?
Firstly, important differences exist between AN and starvation in terms of nutrient deficiencies. In starvation, the diet is deficient in multiple vitamins and proteins, as well as energy, but in AN the primary dietary inadequacy is of carbohydrates and fats. Protein intake is usually adequate in AN, and vitamin deficiencies are rare (Nova et al, 2001 ). Thus, a relatively high protein intake in AN patients, contrary to more typical situations of nutritional deprivation, could contribute to the lack of infections (Marcos, 1997) .
However the protection seems to be lost on refeeding, as patients complain about recurrence of infection after gaining weight. It has been reported that starvation may suppress and refeeding may activate certain infections (Marcos, 2000) . In this respect, it has been speculated that a marked reduction in the percentage and absolute number of memory CD8 þ T cells found in AN patients could lead to a reduced frequency of lymphocytes capable of recall responses (Mustafa et al, 1997) , and this would be related to a perceived lack of symptomatic common viral infections in underweight anorexic patients. It has also been suggested the presence of a stimulation factor in the serum of AN patients that favours the maintenance of a normal lymphocyte transformation response (Bessler et al, 1993) .
Cell-mediated immunity
When analysing immune parameters it is necessary to bear in mind the complex interactions and reciprocal control among the immune system, the endocrine system and the central nervous system (Marcos, 2000) . Malnutrition may have an impact on these interactions and may impair the communication between these systems. The neurochemical disorders in eating disorders may perpetuate pathologic eating behaviours and might be responsible for several associated psychiatric symptoms including stress, anxiety and depression (Brambilla, 2001) .
Our research group has carried out a few studies on the immune status of patients suffering from AN or BN. From our studies, it is clear that this type of malnutrition affects cellular immunity first rather than humoral immunity. In fact, leukocyte, lymphocyte and T-cell counts have been shown to be depleted in restricting type AN patients (mean age of 15, mean body mass index (BMI) ¼ 15.7 kg=m 2 ) during a 1 y follow-up, while B cells are not modified in comparison with controls. However, an improvement of T cell levels has been found when patients are under treatment during hospitalization, although these values are decreased back after discharge. Nevertheless, cell-mediated immune function evaluated by the response to the delayed hypersensitivity skin test (both the number of positive responses and the score or the sum of all diameters from the positive responses) is shown to be depleted in AN patients during the whole period of the study, especially during the hospitalization period (Figure 1 , Marcos et al, 1997a) . This outcome is an evidence of an increased risk of relapse during the first year after patients are discharged from hospital (Nova et al, 2001) .
Similar results have been found in a group of 21 BN patients (mean age ¼ 19) and a 2 y duration of their disease upon the beginning of the study; patients BMI showing similar levels to the control group (Marcos et al, 1997b) . It Eating disorders and immunocompetence E Nova et al is important to stress that the subclinical malnutrition in these patients is not evident only assessing their anthropometrical parameters, but it is also necessary to evaluate their immunocompetence. Vomiting practice also affect T cell levels.
In both AN and BN patients, the CD4:CD8 ratio is very likely to be affected by the duration of the eating disorder and by the time when appropriate treatment is achieved. The earlier the diagnosis and the more adequate the treatment are, the higher this ratio is (Marcos et al, 1993 (Marcos et al, , 1997a . These results can show the importance of an early diagnosis in order to avoid a severe situation of malnutrition. It is also important to stress that CD2:CD19 ratio is a good index to corroborate the hypothesis that cell-mediated immunity is usually more affected than humoral immunity (Marcos et al, 1997a) , even after 1 y of treatment and in patients with an early diagnosis (Figure 2) .
Regulation of the immune system response to infection
Role of cytokines Cytokines, as regulators of the immune system, play an important role in the relationship between nutrition and infection. Cytokines are modulated by nutrients and their participation is essential in triggering certain mechanisms involved in infection processes. In cases of infection there is a cytokine-induced malnutrition, which results from the actions of proinflammatory cytokines such as TNF-a, IL-1 and IL-6 (Figure 3) . These cytokines are known to be able to initiate an acute-phase reaction, which is stereotyped and includes fever, loss of appetite, decreased food intake, cellular hypermetabolism and multiple endocrine and enzyme responses (Grimble, 1994) . These cytokines are capable of activating the hypothalamic -pituitary -adrenal axis (HPAA) and to have a direct stimulatory effect on ACTH secretion. In turn, glucocorticoids alter the production of these cytokines in a feedback regulation. However, in the particular case of AN, patients do not show exactly this stereotyped reaction, especially that related to fever. Some authors have reported a spontaneous and elevated production of IL-6 and TNF-a, contributing to weight loss, cachexia and osteoporosis in AN (Holden & Pakula, 1998) . Cortisol secretion is also high in AN, which means that the feedback mechanism is not working in this eating disorder. In relation with those spontaneously elevated levels of pro-inflammatory cytokines, it has been suggested that those cells stimulated to a certain extent to produce cytokines will respond poorly to further stimulation (Figure 3 ). According to this, an impaired capacity to mount an acute-phase response to infection, under an extra stimulus, could be expected.
Furthermore, a positive correlation between high cortisol levels and an increased IL-1b secretion by cultured PBMC from AN patients have been reported (Limone et al, 2000) , which seems to mean that the normal relationship between both parameters is deranged by the illness. On the other hand, since IL-1b production by macrophages is regulated by a cortisol receptor in monocytes (Paez-Pereda et al, 1996) , the high serum cortisol levels consistently found in AN patients could result in an impaired IL-1b production in response to infectious processes. Then, a decreased release of this pyrogen could explain the inability of AN patients to get fever. Thus, the altered production of cytokines points out another possible mechanism to explain the absence of infection symptoms in patients with eating disorders (Figure 3) .
Role of leptin
Leptin is a protein encoded by the ob gene, which is known to regulate appetite and energy expenditure, and thus to control body weight. It is usually positively correlated with Eating disorders and immunocompetence E Nova et al BMI in obese, normal and slim individuals and also in AN and BN patients (Monteleone et al, 2000) . In addition, exogenous leptin has been reported to stimulate phagocytic function and activate macrophages to produce proinflammatory cytokines, such as TNF-a, IL-6 and IL-12 in ob=ob mice (Loffreda et al, 1998) . Therefore, there is a novel function for leptin as an up-regulator factor of inflammatory immune responses. Moreover, leptin production is acutely increased during infection and inflammation (Fantuzzi & Faggoni, 2000) . Thus, an impairment in this acute increase in leptin production in AN patients could be related to the lack of infection symptoms in these patients. Leptin concentration is also decreased in BN patients, despite weight values being similar to those in age-matched controls (Monteleone et al, 2000) . Thus, factors other than body weight may play a role in the determination of leptin changes in eating disorders (Figure 3 ). Prior to refeeding, the semistarvation state in AN patients is associated with exceedingly low plasma leptin levels, a quantitative alteration in the circadian rhythm of leptin and cortisol levels and an alteration in the temporal coupling between cortisol and leptin. After weight gain, a leptin rise precedes the cortisol increase by 8 h, while no temporal relationship is found between them in the semistarvation state (Herpertz et al, 2000) .
Final remarks
In conclusion, the outcomes so far suggest that the interrelationships among cortisol, leptin and cytokines, all of them repeatedly found to be altered in eating disorders, may play an important role in the regulatory mechanism triggered in individuals with AN or BN. These compensatory mechanisms may enable the patients to adapt to these atypical situations of malnutrition and might also provide a clue to explain some of the immunological findings, such as the lack of infections in these patients. Future findings which increase our knowledge about the bi-directional communication pathways between the neuroendocrine system and the immune system will help to perform further studies in patients with eating disorders trying to define the role of those mediators in the pathogenesis of these syndromes.
